Climate analogue analysis is an approach that has been proposed in climate change impact studies to serve as a complement to climate impact projections. In this approach, a location whose present climate is similar to the projected climate of another location is investigated to learn about potential impacts of climate change, based on a real-life example. Possible response options to negative impacts may also be identified for climate change adaptation planning. The current study used the climatic distance method to determine analogue locations for Bugabira Commune in Burundi. The climatic distance was calculated from temperature and rainfall projections produced by three climate models, driven by two greenhouse gas emissions scenarios and assessed for three future time periods. Information relevant to farming systems and adaptation was then obtained through interviews that involved 450 household heads living in Bugabira (target) and Bubanza (analogue) communes in Burundi. By comparing the two farming systems using results from the analysis of the questionnaires, similarities and differences were determined. The analysis showed that crop and animal types, as well as various land management practices, were similar in both locations. Slight differences in land management strategies could only be noticed in the adoption rates of various technologies. Fifty-nine percent and 19% of farmers at the target and analogue locations, respectively, practiced contour ploughing, while 68% and 43% of farmers at the target and analogue locations practiced crop rotation. Eighty-seven percent of farmers at the target site and 58% of farmers in the analogue location applied manure to their farms. The differences in adoption rates could not be attributed to climatic or non-climatic factors. Based on the results, the study concluded that the analogues approach has low potential for the farmers of Bugabira to learn lessons for adaptation planning.
Introduction
Anthropogenic emissions of greenhouse gases are changing the Earth's climate at present (Ring et al., 2012; Braconnot et al., 2007) , and this change will likely continue despite current attempts to mitigate global warming (Meehl et al., 2005; Ramirez-Villegas et al., 2013) . Climate variability and change are threats to farmers because crop and animal production directly rely on both rainfall and temperature (Challinor et al., 2007; Calzadilla et al., 2013) . Smallholder farmers in Sub-Saharan Africa are highly susceptible to climate change because of their strong reliance on rainfed agriculture. Their vulnerability is heightened by other factors such as declining soil fertility, poverty and inadequate access to markets, information and technology (Antwi-Agyei et al., 2013) .
A number of approaches have been proposed to help farmers adapt to the changing conditions. The most common scientific approach to climate change adaptation is the use of models to project the impacts of climate change (Millar et al., 2007; Challinor et al., 2009; Randall & Wood, 2007) . Appreciation of likely impacts of climate change then facilitates the finding of suitable adaptation options. For agricultural adaptation, such projections have often relied on process-based models (e.g. crop models; Tao et al., 2009; Challinor et al., 2004) or on ecological niche modeling (Peterson, 2006; Peterson & Shaw, 2003) . While both approaches have produced useful results in many cases, they suffer from certain limitations that have often restricted their effectiveness in identifying land management strategies for adaptation. Both modeling approaches require extensive calibration, for which adequate datasets are often not available (Nelson et al., 2009; seasons: a short rainy season from September to December and a long rainy season from February to May. Mean annual temperature is approximately 20.5 ºC (MINATTE, 2007) . The area of the commune is 235 km 2 and the population in 2010 was approximately 93,600 inhabitants (ISTEEBU, 2014) . The commune is hilly, with slopes largely ranging from 5 to 40% and availability of flat land (0-5% slope) being very limited. Much of this flat land consists of low-lying marshlands. Farmers draw their livelihoods from subsistence farming in a climate that has been classified as "moderate" tropical savanna. Forest cover is sparse and the area lacks permanent rivers. The most common soils are lithosols (FAO, 1988) , which are ferralitic in nature, indicating partly-weathered acidic soils of generally low fertility. More fertile organosols (CSIRO-ACLEP, 2006) are found in the lower valleys (MINATTE, 2007) .
Analogue Analysis
The analogue search procedure was based on the climatic distance method. Climatic distance is a metric to quantify the similarity between different climates. It can be used to compare the current climate of every location (cell of a spatial grid) with the projected future climate at the site of interest. The location, for which the climatic distance is minimized, is the best available analogue site. Climatic distance was computed using the equation proposed by Luedeling and Neufeldt (2012) , which includes weighting and normalization factors:
where:
par is the array of weather parameters m is the list of all months in the year w par,m is a weighting factor for weather parameter and month, set in this case to 1 for temperature parameters and 2 for precipitation P par,m is the value of the weather parameter par for month m in the present scenario F par,m is the value of the weather parameter par for month m in the future scenario norm par is a normalization parameter, set to the interquartile range of the distribution of the respective monthly values in the entire population of grid cells
Lacking evidence favoring one possible weighting scheme over others, selection of optimal values for weighting climate metrics was based on researcher experience. More emphasis (double weights) was placed on precipitation than temperature parameters, due to the common perception of rainfall being the primary determinant of a location's agricultural potential in this region.
Climate data used for the analogue analysis were derived from three global circulation models (GCMs), considering two greenhouse gas emissions scenarios and three future points in time. The three global climate models that were used in this study were the Canadian General Circulation Model 2 by the Canadian Centre for Climate Modeling and Analysis (CCCMA-CGCM2; Flato et al., 2000; Kim et al., 2003) , the Hadley Center Coupled Model version 3 (HadCM3; Gordon et al., 2000; Singarayer & Valdes, 2010) and the Commonwealth Scientific and Industrial Research Organization Atmospheric Research Mark 2b (CSIRO-Mk2; Hirst et al., 1999) . Model projections were driven by two IPCC SRES greenhouse gas emissions scenarios (A2a and B2a; Nakicenovic et al., 2000) , and analogues were determined for three future time horizons (2020s, 2050s and 2080s).
All data were obtained from the climate data portal of the CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS, 2013) , where projections downscaled to a resolution of 2.5 arc minutes (~4.6 km in the study area) with the Delta method (Hijmans et al., 2005) were available. A baseline climate dataset, representing conditions between 1950 and 2000, was also obtained from this source. For all climate scenarios, mean precipitation, mean daily minimum temperature and mean daily maximum temperature were obtained for each month of the year, resulting in a total of 36 variables as the basis for the analogue search.
For field work, resources were only available for evaluating one baseline/analogue site pair. The A2a scenario was selected for this analysis, because it tracks past emissions of greenhouse gases more closely than the B2a scenario. As for time horizons, the 2050s were selected, because they constitute a reasonable planning horizon for adaptation studies (the 2020s were considered too close, the 2080s too far in the future).
Surveys
Minor changes were made to a household questionnaire designed by the CCAFS program for evaluating adaptive capacity (Somé et al., 2011) . This survey tool, which has widely been used in East and West Africa, as well as in South Asia, was slightly adapted for this study by the addition of questions on the use of manure and fallows, assets owned, breeds of animals, sources of information for the different agricultural techniques and main constraints to farming. The questionnaire contained qualitative and quantitative questions, both of the open-ended and closed-ended variety. The sections that were deemed important for assessing farming systems were those addressing livelihood security, crop, animal and land management, food security, land and water, inputs and credit and assets.
Questionnaires were administered by trained enumerators to 247 households in the target location in April 2012 and to 203 households in the analogue location in May 2013. The households were sampled using the stratified random sampling technique (Lehtonen & Djerf, 2008) . Households were sub-divided into two strata according to the administrative unit in which they were located. A number of households were then randomly selected from each zone. The number of households to be sampled was determined using the sample size calculator at a confidence level of 95% (Wimmer, 2001 ).
Data Analysis
All data were initially entered into the Census and Survey Processing System (CSPro) version 5.0 software (Population Division, U.S. Census Bureau, Washington, DC, U.S.A.) and then exported to the Statistical Package for Social Sciences (SPSS) version 17.0.1 (SPSS Inc., Chicago, IL, U.S.A.) where they were coded. To ensure reliability, double data entry was practiced. Descriptive statistics were then computed using SPSS 17.0.1.
Results

Climate Analogues for Bugabira Commune
The analogue search provided 18 potential analogue locations (Table 1) . Climate analogues were distributed throughout different parts of Burundi, as well as in a small region at the border between Rwanda and Tanzania ( Figure 1 ). For the combination of emissions scenario and time horizon that was targeted for further analysis, only one of the three candidate analogues (for the hccpr_hadcm3 climate model) was located in Burundi ( Figure  1 ). The closest locality to the identified analogue site was Bubanza, a place 97 kilometers away from Bugabira and 39 kilometers northwest of Bujumbura, the country's capital. The projected climate of Bugabira closely resembles the current climate of Bubanza ( Figure 2 ). Figure 1 also shows other analogue locations being closely scattered around Bubanza with the closest one being for the scenario hccpr_hadcm3 B2a 2050s.
The different potential analogues that resulted from the analysis meant that the location of climate analogues depended on the GCM used, the emissions scenario and the timeline under consideration (Hallegatte et al., 2007) . There was no basis for focusing on only one 'best' analogue location, because it is typically assumed that none of the GCMs is clearly superior to the others. Variability among scenarios was not very high for the mid-century projections, as indicated by the proximity of all corresponding analogue sites. This indicated that Bugabira's future climate for the 2050s could be projected with some confidence and that for this time horizon, uncertainty arising from the choice of emissions scenario was relatively small (Hawkins & Sutton, 2009 ). However, with increased global warming the analogues could be very far apart (Kopf et al., 2008) , thus increasing uncertainty for late-century projections. Vol. 3, No. 4; 2014 Bubanza Commune, the analogue used for this study, is located at approximately 3.1º S latitude and 29.4º E longitude. It covers an area of about 225 km 2 with an average altitude of 1500 m. It has a population of about 83,678 inhabitants. The commune's climate is that of a tropical savanna, which experiences two main seasons; the wet season runs from September to April, while the dry season runs from May to August. The area is characterized by rainfall averages of between 1200-1500 mm and a temperature range of between 20 and 27 ºC. In terms of hydrology, the Mpanda and Kajeke Rivers and several smaller rivers such as Kidahwe, Nyaburiga, Kadakamwa and Nyakabingo pass through the commune. The most common natural vegetation type is savanna, which consists of a discontinuous crown cover of trees and shrubs and an undergrowth of grasses (Okitsu, 2005) . Soils are lateritic, indicating that they are highly weathered soils with high iron content and low organic matter concentrations. Common crops include bananas, cassava, sweet potatoes, beans, maize and rice.
Comparison Between Farming Systems in Bugabira and Bubanza
Farmers in both locations grow crops and raise livestock on small pieces of land. Land size per household was highly varied with the median farm size being 1.33 ha for Bugabira and 0.85 ha for Bubanza. Farming was largely rainfed, with 25% of farmers in each location practicing irrigation with small containers. Most of the land was cultivated with food crops. Crops grown included beans, sweet potatoes, cassava and maize (Figure 3) . There was little cultivation of cash crops in the analogue location, with the exception of rice. Animals kept included goats, cows, chicken and pigs (Figure 4 ). More farmers kept cattle in Bugabira (30%), the target, than in Bubanza (12%), while chicken and pigs were kept by more farmers in Bubanza (38% and 27% respectively), the analogue, than in Bugabira (22% and 11% respectively). Forty-seven percent of farmers in Bugabira and 37% of farmers in Bubanza had stopped keeping certain animals, most often cows, in the last 10 years. Fodder growing was practiced by 63% of farmers in Bugabira and 10% of farmers in Bubanza. Both locations practiced small-scale agroforestry of mainly fruit trees. Some of the technologies adopted were irrigation, composting and use of improved varieties (Table 2) . Chemical fertilizers, especially Diammonium Phosphate (DAP) and urea, were used by more households in Bubanza (37%) than in Bugabira (10%). The fertilizers were applied mainly to rice, maize and vegetables. Sources of cash income for households in both locations were employment on other people's farms, income from small businesses, loans and the sale of products from both on and off-farm sources. Products sold included food crops, processed food, vegetables, fruits, small livestock, fodder and timber. The main constraints that farmers faced were limited availability or access to inputs such as fertilizers, improved seed, labour and capital. In addition to these, drought and unpredictable weather were also a problem for the farmers, especially in the target location. In the analogue location diseases were also mentioned as one of the constraints to agricultural production. Some practices were used in both communes, namely intercropping, rotational cropping, contour ploughing, use of manure and early/delayed planting. While 87% of farmers in Bugabira used manure, only 58% in Bubanza did so. Seventy-four percent of farmers in Bugabira and 55% in Bubanza grew better quality varieties. Seventy-two percent and 48% grew drought-tolerant varieties and 86% and 68% grew disease-resistant varieties in Bugabira and Bubanza, respectively. In all cases, the proportion of households carrying out the practices was higher in Bugabira than in Bubanza. Some other practices, such as built ridges were only used by a few households in Bubanza (11%). Yes denotes that the practices occur in the area.
Discussion
Identification of Analogue Locations
Reasonably close climate analogues were found for all climate scenarios. None of them were in the same location as the study site, indicating that the future climate at the site of interest resembles the current climate elsewhere more closely than the current climate at the site itself (Kopf et al., 2008) . The analogues tended to be further away from the target location for late-century projections (Hawkins & Sutton, 2009) . If one were to follow best practices of climate impact analysis, visits to all climate analogue locations would be necessary, so that the range of plausible climate futures could be captured in a scenario ensemble approach. For climate analogues, however, such coverage is rarely possible because each site visit incurs substantial costs, especially if in-depth surveys are conducted at each location (Akbayrak, 2000) . This constraint limits the number of analogues that can be compared with the baseline site. In our case, only one site could be visited, raising concerns about the representativeness of the selected climate scenario. However, such concerns are likely to apply to the majority of practical applications of the climate analogue approach, because there will rarely be sufficient resources to undertake a full ensemble analysis. For the method to retain one of its major advantagesthat it is faster and cheaper than model-based approaches -the number of locations that can be analyzed has to be fairly low. Our comparison of two sites therefore represents a useful test of the approach under conditions likely to apply in practice.
Characteristics of Farming Systems at Bugabira and Bubanza
The farming systems of both locations were mixed smallholder systems. Systems were composed of crop production activities, livestock production activities and off-farm livelihood activities. The higher number of farmers that use fertilizers in Bubanza compared to Bugabira could be due to infertile soils there, which were mentioned as one of the constraints to farming. The lateritic soils present in Bubanza, the analogue, tend to be acidic, have high aluminum levels and exhibit a propensity to form hard crusts. Farm products are only sold after the household needs have been fulfilled. Crops grown in both communes were somewhat drought-resistant varieties with multiple benefits, especially cassava. Battisti and Naylor (2009) noted that crops tolerant to drought and heat will gain demand in a world that is becoming hotter and possibly drier due to climate change. Beans, a major staple of Eastern and Southern Africa, tend to be drought-tolerant (Broughton et al., 2003) and also offer a cheap source of protein, their stems can be used as livestock feed and they contribute to restoration of soil fertility through nitrogen fixation (Rondon et al., 2006) . In Rwanda and Burundi, statistics show that the average national consumption of beans exceeds 40 kg per person per year (Broughton et al., 2003) . Cassava can tolerate drought through actions such as leaf fall, partial closure of stomata and deep root penetration into soil to access water (Okogbenin et al., 2013) . Cassava can be grown with minimal inputs and has the ability to recover from biotic and abiotic stresses (Burns et al., 2010) . In addition, it has a higher yield potential than maize and rice, and it can be used for both human and animal consumption (Scott et al., 2000) . Maize, being a C4 plant, is an efficient user of water and thus better adapted than C3 plants to environments with high daytime temperatures, intense sunlight and drought (Crafts-Brandner & Salvucci, 2002) .
Crop diversification in the two locations appeared to constitute a risk reduction response to changing weather www.ccsenet.org/sar Sustainable Agriculture Research Vol. 3, No. 4; 2014 patterns, as has also been documented by Thomas et al. (2007) . Goat-keeping and introduction of pigs was probably because these animals are known to be hardy and they are much easier to keep and feed than cows. Eighty-eight percent of farmers in Bubanza (analogue) and 70% of farmers in Bugabira (baseline) do not keep cattle. Kurukulasuriya and Mendelsohn (2007) analysed crop and livestock choices as climate change adaptation options and found that farmers in warm climates tend to choose goats and sheep as opposed to cattle and chicken. Goats are more versatile in their feeding behaviour as they prefer browsing rather than grazing and are known as intermediate feeders between grazing and browsing (Silanikove, 1997; Fisher, 2002) . Intermediate feeders change their feeding habits according to availability of forage and usually they eat immature grasses; as the forage matures they move on to browsing behaviour (Peter, 1994) . Goats are opportunistic mixed feeders (Hofmann, 1989) and therefore suited for resource scarce areas, because of their ability to adapt to changes in forage quality.
There was a high level of diversity in both communes with new crop varieties and animal breeds being introduced and modern methods of farming being integrated as was also found by Dixon et al. (2014) in his study on farming systems in Uganda. The sale of food crops and non-food items as well as other off-farm activities to generate income were present in both communes. Some innovative practices, such as the use of drought-tolerant varieties, irrigation measures, sale of livestock and introduction of new animal types, were indicative of climate being a factor affecting farmers' decisions. The introductions of built ridges and micro catchments in Bubanza (analogue) were seen as specific responses to variable rainfall conditions, since these structures are used to retain water for crop growth and also to control soil erosion (Thomas et al., 2007) . Some practices that were used by more households in the target than the analogue location, such as contour ploughing and mulching, aim to enhance infiltration and control erosion and could be interpreted as a response to climate. On the other hand, their introduction may also be motivated by other reasons, such as improving soil fertility, that are not necessarily related to climate.
The practices employed indicated that farmers may be considering climatic factors to some extent when making adjustments in their farming practices, but their behavior seemed to be driven more strongly by market factors. Major constraints faced by farmers in both locations were climate variability and limited access to production factors. This was in agreement with Mubaya et al. (2012) who highlighted that farmers are generally affected by similar factors relating to lack of inputs, capital, labour and climate.
Distinguishing between adaptation actions and routine actions that aimed at increasing resilience to climate variability was difficult, as was also noted by Findlater (2013) . In general, land management activities were seen as strategies to improve production -results which agree with those of Thomas et al. (2007) . Some of the strategies employed included crop selection, diversification, changing planting dates, adopting relevant technologies and selling animals. The sale of animals was seen as a last resort in dry periods.
Climate Analogues as a Conceptual Framework for Adaptation Planning
Results that emerged from the site comparison were inconclusive, with no emergence of clear recommendations for adaptation. Target and analogue sites were very similar, and the few differences that existed could not unambiguously be attributed to differences in climate. They were just as likely -if not more likely -to have arisen from non-climatic factors that differed between locations. These could, for instance, be related to market access or local traditions. In principle, some such factors could be included in the analogue search procedure (Horvath, 2008; Adger et al., 2003) . Especially for some aspects of the biophysical environment, such as soil type, slope etc., this might be feasible, even though appropriate datasets at adequate resolution are often difficult to obtain. Such inclusion would raise questions about appropriate weighting schemes and adequate methods for including categorical data (e.g. soil type) into the climatic distance calculation, but such challenges could probably be overcome. Yet even if some non-climatic data were included, it seems unlikely that these data could be exhaustive enough to cover all relevant factors. In particular for socioeconomic variables, information is normally unavailable, especially when considering that such data cannot be limited to a few locations only. They would have to be available in gridded format and cover the entire region, in which the analogue search is conducted.
If it is impossible to control for all non-climatic factors, it will always be challenging to clearly identify those differences between sites that are attributable to climate and thus constitute promising adaptation options for the target site. Especially in Sub-Saharan Africa, cropping systems respond to a large number of environmental, socioeconomic (ILRI, 2012) and political drivers, including -besides climate -chemical, physical and biological soil properties (Folberth et al., 2012) , water availability, topography, land tenure, market access (Poulton et al., 2006; OECD, 2006) , labor availability (Blair-Rains, 1986), pest, disease and weed pressure, access to information, livestock density, activities by extension services or other development actors, Vol. 3, No. 4; 2014 government programs or regulations etc. Many of these differ so strongly between locations that slight differences in temperature or precipitation of the magnitude that climate change is expected to bring about over the 21 st century may be of relatively small significance. It may then often be the case that for the best possible climate analogue, non-climatic site conditions are so different that practices cannot easily be transferred from the analogue to the target site (Leterme et al., 2012) . In fact, caution must be applied in attributing any differences between sites to climate, because they may have been caused by numerous other factors. In this light, adaptation strategies derived from analogue analysis should be carefully scrutinized for their local appropriateness to avoid promotion of technologies that work in the kind of climate that is expected in the future but may not be suitable for the socio-ecological system at the target site.
Conclusion
The climate analogue location that was selected for Bugabira was Bubanza, a location within Burundi, 97 kilometers away from Bugabira, the target location. A number of other potential analogues were found in close proximity, indicating that the selection of the climate scenario did not cause large differences in locating analogues.
Climate characteristics of the two locations were not very different, leading to largely similar crop and livestock production systems and sources of livelihood. Reasons given for changes made to practices in both locations tended to be similar, meaning that most of the concerns faced by farmers at the analogue location were also experienced at the target site. However, climatic issues such as drought, delayed onset of rains and erratic rainfall were of concern to more households in the target than the analogue location. Overall, the agronomic practices in both locations were aimed at improving soil quality and enhancing water conservation for improved production. The two farming systems were not very different thus implying that the target location may not need to change much in the future in order to adapt to its projected climate.
None of the differences between the target and analogue location could clearly be attributed to climatic differences and therefore recommended as adaptation strategies for the target site. Even though some differences existed, these may have arisen from a number of non-climatic factors, such as market access, cultural traditions or promotion of particular technologies by government or other development agents. We suspect that in most agricultural systems climate differences of the magnitude that is projected by climate models have a weaker effect on system properties than differences in a number of other factors. It may then be unwise to promote agricultural techniques observed at an analogue location at the target site, without a thorough assessment of its suitability there. In light of these considerations, the potential of the climate analogue approach for adaptation planning appears quite limited. While it may provide interesting ideas for adaptation, analogue analysis is unlikely to deliver ready-made solutions that can directly be applied at the target site. The high degree of randomness caused by the probably inevitable necessity to narrow the comparison to only a small number of sites casts severe doubts on the suitability of the analogue approach as a general framework for adaptation planning.
